Background
The diagnosis of ureteral injury can be delayed in the setting of acute trauma, as life-threatening injuries take clinical management priority. Also, trauma to the ureter is a rare occurrence in emergency cases, accounting for less than 1% of all cases of urologic trauma [1] . The ureter is protected by its retroperitoneal location and by the surrounding anatomy, especially by the psoas muscles and the bony pelvis [2, 3] . Most ureteral injuries are iatrogenic and occur during open, laparoscopic, or ureteroscopic procedures, while less than 25% of ureteral injuries are due to other causes [1, 2, [4] [5] [6] .
In the setting of trauma, penetrating injuries account for most cases of ureteral injury, and include gunshot wounds, with the ureter being injured in between 2-5% of abdominal gunshot injuries [2] . However, due to the life-threatening injuries associated with abdominal trauma, up to 38.2% of the ureteral injuries are reported to undergo a delay in diagnosis, which can result in a significant rate of morbidity and even mortality [1, 4, 7] .
A case of acute ureteral injury is described in a patient with acute penetrating gunshot abdominal injury that had a delay in diagnosis, with a review of the literature.
Case Report
A 29-year-old women presented to our hospital 6 weeks following a self-inflicted gunshot injury to the abdomen, with three wounds that involved the epigastrium, the left hypochondrium, and the left lumbar area. She underwent laparotomy at another hospital. Intra-operative findings showed perforation in the antrum of the stomach antrum and multiple small bowel perforations, which all underwent primary surgical repair. There were also bilateral lateral (zone 2) retroperitoneal hematomas, which were non-expanding and non-pulsatile, and were initially not explored.
The patient was transferred to the intensive care unit (ICU), where she later developed a pulmonary embolism (PE) and disseminated intravascular coagulation (DIC). She was managed with blood products and recovered over a period of one month and was discharged home in a stable condition.
The patient presented two weeks later to a local health center with left iliac fossa (LIF) pain, watery stool, a reduced hemoglobin level, and a raised serum C-reactive protein (CRP). She underwent an abdominal; computed tomography (CT) scan (contrast-enhanced), which showed a large, left-sided, well-enhanced retroperitoneal collection with contrast extravasation into the retroperitoneal space, with the appearance of contrast in the left retroperitoneal space, indicating left ureteral injury with urinoma formation and colonic fistula.
The patient was referred to our trauma center and underwent cystoscopy with a retrograde pyelogram (Figure 1 ), which showed complete transection of the left upper ureter with contrast extravasation into the retroperitoneal space. She underwent left percutaneous nephrostomy, and a left-sided pigtail drain was inserted into the urinoma. The patient was treated with antibiotics throughout her hospital admission as her sepsis workup investigations showed the presence of a multidrug-resistant coliform. Clear urine was draining from the urinoma during the patient's hospital stay.
A repeat CT scan one week later showed a reduction in the size of the left-sided urinoma collection. However a further well-defined, peripherally enhancing collection in the right side of the pelvis was identified, compressing the urinary bladder (Figure 2A, 2B ). The patient underwent another pigtail drain insertion, which drained only minimal dark reddish fluid, resulting in its removal after 48 hours. The patient was discharged in a stable condition and brought back to the hospital, three weeks later, for elective surgery.
Cystoscopy was done prior to the surgery, which was normal apart from extra-luminal compression of the bladder from the pelvic hematoma. Intraoperatively, a 2.5 cm segment of dense fibrosis was seen in the upper ureter at the site of complete ureteral transection ( Figure 3A , 3B). The ureter was mobilized and a left end-to-end ureteric anastomosis with excision of the intervening injured ureter, or ureteroureterostomy, was performed, after spatulation of the ends with a tension-free waterproof anastomosis over a double J stent (DJS). Colonoscopy was done intra-operatively with methylene blue instillation through the pigtail drain to check for any persistent fistula. However, methylene blue testing was negative suggesting spontaneous fistula healing. The patient was discharged from hospital on the third post-operative day, in good condition. She was seen in the outpatient department (OPD) two months later and underwent flexible cystoscopy with removal of the left DJS. The patient failed to show up for further follow-up.
Discussion
Patients with ureteral injuries are usually asymptomatic, and the diagnosis can be difficult to make. However, the presence of hematuria should alert the clinician to a possibility of a ureteral injury [2, 3, 5, 8] . Also, patients with penetrating injuries are usually hemodynamically abnormal at the time of presentation and require urgent surgical intervention, that may be without prior computed tomography (CT) scan or intravenous pyelography (IVP), which are investigations that identify up to 90% of ureteral injuries [5] . Since ureteral injuries are infrequent and few surgeons have significant experience with their management, a high index of suspicion is required during surgery.
Bageacu and colleagues divided the retroperitoneal abdominal injuries into three zones that correspond to the major underlying structures that could be injured [9] . The central zone (zone 1) extends from the hiatus of the esophagus to the sacral promontory; the lateral zone (zone 2) extends from the lateral diaphragm to the iliac crests; the pelvic zone (zone 3) contains the retroperitoneal space of the pelvis [9] . The decision to perform surgical exploration in blunt injury depends on the zone, and whether the hematoma is expanding or pulsatile. However, this does not apply to penetrating injury, in which the trajectory of a sharp object can be identified. Therefore, all zones should be explored if involved [9] . In unclear cases, retrograde or antegrade urography is the gold standard for confirmation of the diagnosis [10] . In patients who are hemodynamically normal, the radiological diagnostic modalities of choice for ureteral injury are CT urography and IVP. However, IVP is not usually used in the setting of trauma and is usually used as follow-up after surgical intervention [2] . Although the sensitivity of IVP ranges from between 60-90%, it is associated with high rate of falsenegative diagnoses (33%), as a demonstration of urinary extravasation is seen in less than 50% of patients [11] . Findings that increase the suspicion of ureteral injury on CT urography or IVP include delayed excretion of contrast, poor function on one side, hydronephrosis, failure to visualize the entire course of the ureter, and extravasation of the contrast material [2] .
With the availability of CT scanning and its sensitivity, contrastenhanced CT has been the recent diagnostic modality of choice; it is recommended that a five-minute to eight-minute delay is included in the use of contrast-enhanced spiral CT after contrast infusion, to increase the sensitivity [11] . Approximately 80% of injuries can be missed on initial CT and detected only on delayed CT imaging [11] . In hemodynamically normal patients or during surgery, a definitive diagnosis can be achieved by retrograde pyelography via cystoscopy, which is the most accurate method for establishing the diagnosis [2, 12] . Also, cystoscopy allows for possible treatment intra-operatively with retrograde indwelling stent placement [12, 13] .
Ureteral injuries can be missed, or the diagnosis can be delayed, usually due to hemodynamic abnormalities or other distracting injuries or due to a low index of suspicion. Penetrating abdominal injuries affecting the ureters are usually associated with other injuries 90% of cases, and include injuries to the small bowel (75%), colon (40%), and inferior vena cava (IVC) (20%) [5, 6] . These injuries can also change the management of the ureteral injuries based on the hemodynamic status, the extent of intra-abdominal organ injuries, and the amount of bleeding [5] .
The most common location for ureteral injuries is at the vesico-ureteral junction and the upper part of the ureter [2, 12] . However, in case of delayed diagnosis of ureteral injuries, a review of the literature has shown that 59.5% of all the missed ureteral injuries involved the proximal ureter [14] . There are no specific signs and symptoms of ureteral injuries, but some of the patients may present a few days following the injury with lower abdominal pain, prolonged ileus, low-grade fever, nausea, vomiting, persistent hematuria, urinary tract infection (UTI), oliguria, and anuria, with laboratory investigations showing leukocytosis and raised inflammatory markers [12] .
In some cases, a transient increase in serum creatinine levels can be found [15] . If ureteral damage remains undiagnosed for up to 6-12 days, patients can develop urinary leakage intra-abdominally, urinary obstruction, urinomas, fistulas, and sepsis [2, 3, 5, [16] [17] [18] .
In a case of delayed diagnosis or missed diagnosis of ureteral injuries, it is important to divert the urine, which can be achieved with either a retrograde stent placement or percutaneous nephrostomy [4] . Also, drainage of any urinoma or abscess that has formed should be done [1] . Surgical repair of the ureters in such cases is deferred for 6-8 weeks to allow any edema or inflammation to subside. However, there is no evidence to support that there is a worse outcome if the surgical repair is done immediately after identifying the injury [6] . Ureteral contusions are usually treated by stenting [11] .
Complete transections of the ureter can be repaired using a tension free, end-to-end, spatulated anastomosis over a ureteral stent. As with all urologic injuries, initial debridement should be conservative in order to preserve all viable tissue. In cases of inadequate ureteral length to re-anastomose, a pediatric feeding tube or other tubes may be placed in the proximal ureter and brought out through the skin for closed drainage. Reconstruction of the ureter can then be performed later.
The surgical approach to ureteral repair can be classified according to the level of injury [11, 12] . Distal ureteral injuries can be repaired by performing a ureteroneocystostomy with or without performing a vesico-psoas hitch, with the former preferred in case of a lengthy ureteral defect, which would result in tension if anastomosed directly to the bladder. Ureteroneocystostomy can be performed using different surgical techniques and require stenting of the re-implanted ureter for at least 6 weeks [12] . In performing the vesico-psoas hitch, the bladder is mobilized and hitched to the psoas muscle, followed by ureteral re-implantation [11, 12] .
Upper and mid-ureteral injuries can be surgically managed using multiple methods. End-to-end ureteric anastomosis with excision of the intervening injured ureter, or ureteroureterostomy can be performed directly, and the anastomosis should be done over a stent. In cases where the distal part of the ureter is not suitable or available for anastomosis, a Boari tabularized bladder flap can be performed. The bladder is opened anteriorly, and a full thickness bladder flap is anastomosed to the proximal ureter. Other less common surgical procedures include transureteroureterostomy, renal autotransplantation, and ureteral substitution with the ileum or appendix [11, 12] . Ureteral pelvic junction (UPJ) avulsion injuries should undergo re-anastomosis of the ureter to the renal pelvis, in which case, a stent and drain need to be placed [11] .
The importance of early identification of ureteral injuries has been shown to be associated with better clinical outcomes [5] . Early diagnosis is considered to be the single most important prognostic factor [6] . Patients with a delayed diagnosis of ureteral injury have been reported to develop complications in up to 40% of cases, compared with 10% of cases with immediate diagnosis [19] . These complications, associated with diagnostic delay, include infected urinoma formation, hydronephrosis, ureteral fistulae, ureteral strictures, prolonged hospitalization, multiple invasive procedures, acute renal failure, and patient mortality [5, 6, 16, 20] .
Conclusions
Ureteral injuries following trauma are rare, but a delay in diagnosis can be associated with clinical morbidity. Patients with ureteral injuries can present with non-specific symptoms including abdominal pain, fever, nausea and vomiting, hematuria, and urinary tract infections. The most sensitive radiological diagnostic test for ureteral injury is retrograde pyelography via cystoscopy, which can show contrast extravasation. An abdominal CT scan can identify the presence of urinoma or an intra-abdominal collection. In unclear cases, retrograde urography can be used as a confirmatory test. A high index of suspicion, for ureteral injury is warranted for patients with penetrating abdominal trauma.
